Schmidt-Ruppin Rous sarcoma virus infected chick cells injected into newborn C3H/f mice gave rise to tumours at the site of inoculation. These tumours were transplantable in adult C3H/f mice and were able to induce turnouts in the wing of adult Leghorn chickens. Tumour cells from the t 8th passage in mice were used to establish a cell line in tissue culture (C3HSR). These cells released C-type virus particles that produced foci and were able to propagate in chick cells. Cloning of the C3HSR cells demonstrated that the same cell expressed both avian and murine antigens. Mouse cells infected with virus released by C3HSR cells produced murine leukaemia virus-like particles as revealed by the reverse XC syncytial test and by immunofluorescence tests.
INTRODUCTION
Infection of mammalian cells both in vivo and in vitro with avian sarcoma virus (ASV) in most cases produces no progeny virus. The possibility that infection of mammalian cells is followed by activation of leukaemogenic-like viruses of mammalian origin was supported by Svec and his co-workers 0974)-They showed that myeloid leukaemias developed in Sprague Dawley rats inoculated with ASV, in addition to the sarcomatous turnouts. The rat sarcoma cells were found to produce virus which induced sarcomas in chickens, while the rat leukaemic cells produced particles which were able to induce leukaemias in rats and also a few tumours in chickens. However, the leukaemogenic agent released after injection of ASV was not characterized and its origin is not clear.
Spontanous production of virus early in life by certain mouse strains is genetically controlled as is the inducibility of endogenous viruses from mouse cells in tissue culture by halogenated pyrimidine (Lowry et al. 197I ; Rowe, 1972; Rowe & Hartley, 1972; Aaronson & Stephenson, I973;  Stephenson et al. I973 ).
The present study demonstrates that inoculation of Schmidt-Ruppin virus-infected chick cells into C3H/f newborn mice gives rise to mouse tumour cells capable of expressing antigens of both avian sarcoma and mouse leukaemia viruses and of producing C-type particles. The nature of the released virus is discussed.
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Avian viruses produced by infected mouse cells
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Antiserum to the 3oooo mol. wt. protein of M-MLV (anti-M-MLV p3o) was prepared in rabbits as previously described (Spira et al. I974) .
Preparation of cell extracts for complement fixation. Confluent cell monolayers were washed twice with PBS, pH 7.2. The cells were removed with a rubber policeman, washed and a 2o % (v/v) suspension was prepared in PBS. The cell suspension was frozen and thawed twice; sonicated for 45 s in a water bath sonicator and centrifuged at 25000 g for 45 min at 4 °C in the R-3o Beckman rotor. The supernatant fluid was tested by complement fixation (CF) for the presence of virus antigen(s) (Spira et al. I974) . Polyacrylamide gel electrophoresis. Electrophoresis was done in 7"5 0/0 acrylamide gels (Io × o.6 cm), in the presence of o.I % sodium dodecyl sulphate (SDS) in o-I M-phosphate buffer, pH 7"2. Purified virus samples from sucrose gradients were dissociated by boiling for 3 min at Ioo °C in the presence of o'5 ~o SDS, o-I 0/0 mercaptoethanol and 0"5 M-urea. The radioactivity in I to 2 mm gel slices was determined. Bovine serum albumin, chymotrypsinogen and lysozyme with mol. wt. of 68 ooo, 25 70o and ~ 4 3o0 respectively were used as markers.
RESULTS
Establishment of the cell line
Subcutaneous injections of I × lo 6 CEF transformed by SRV-D into newborn C3H/f mice gave rise to tumours after approx. 6o days in about 40% of the mice (7 out of I9 mice survived for more than 2 weeks after the injection). The tumours were cut up with sterile scissors into pieces of about o. I mm 3, suspended in phosphate buffered saline and injected subcutaneously into C3H/f adult mice at IO to I5 day intervals. After I8 passages in mice, tumour cells were transplanted into the wing web of five adult Leghorn chickens and gave rise to tumours after 4 to 6 weeks in all of the inoculated chickens.
Tumour cells, after 18 transplantation passages in C3H/f mice, were also used to establish the C3HSR cell line. The cells were transferred at weekly intervals at a density of 4 × Io 5 cells per 5 cm Petri dish. Experiments described in this paper were done in C3HSR cells at passage levels 8 to 32. The karyotypes of the C3HSR, C3H/f and chick cells were analysed. It was found that the C3HSR karyotype is similar to that of C3H/f mouse cells. There was no indication of chick chromosomes in the C3HSR cells.
Expression of virus antigens in C3HSR cells
To determine whether C3HSR cells contain virus antigens of both the ASV group and mouse leukaemia virus, the cells were tested by the complement fixation test. Table I shows the CF titres and the protein concentration of cell extracts at the highest dilution used in the CF tests. Embryonic C3H/f cell extracts did not react with anti-SRV-D serum although low titres were obtained using anti-M-MLV p3o serum. C3H/f cells infected with
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H-MLV [C3H(H-MLV)] had a titre of 256 when tested against both anti-M-MLV p3o and anti-FeLV sera. Uninfected chick cells and chick cells infected with SRV-D gave comparable results with their respective antisera (anti-SRV-D).
The positive results obtained with normal chick cells may be due to the fact that chick cells positive for the avian ietrovirus group specific antigen (gs +) were used. C3HSR cell extracts gave positive results with all three antisera used in the test, indicating that these cells expressed both avian and mammalian virus antigens.
C3HSR cells were cloned to determine whether both ASV and MLV antigens are expressed in the same cell. Three different C3HSR clones were subcloned and one subclone from each was tested by the indirect immunofluorescence technique. Immunofluorescence was obtained with each subclone against anti-AMV serum diluted I/200 to I/400 and against anti-M-MLV p3o serum diluted i/2oo. There was no reaction with normal rabbit serum diluted 1/25. Clone I mouse cells productively infected with M-MLV were used as a control. Immunofluorescence was only obtained against anti-M-MLV p3o serum at a dilution of I/8oo. CEF infected with B77 virus reacted only with anti-AMV serum diluted I/2oo.
Production of type-C particles by the C3HSR cells
Studies on virus production by ASV-transformed mammalian cells have given diverse results (Gelderblom et al. I97o; Simkovic, i972) . In most cases the ASV-transformed mammalian cells do not produce virus although each one of the transformed cells contains the virus genome (Altaner & Temin, 1970; Kotler, 197 I) . However, it was found that tumours produced in vivo by injection of ASV into rats were able to produce virus particles (Altaner & Svec, 1966; Simkovic, 1972; Svec et al. 1974) . Since the C3HSR cells expressed virus-specific antigens related to both SRV-D and M-MLV, it was of interest to determine whether this cell line also produces virus particles.
C3HSR cells in growth medium were labelled with 3H-glucosamine. The media were harvested twice a day and analysed under conditions which permit the isolation of C-type particles (see Methods). Labelled particles from C3HSR cell cultures banded at a density from the gradient were determined. Samples from each of the purified virus samples were treated with SDS, 2-mercaptoethanol and urea and analysed in polyacrylamide gels (al, bi, cl) . 125I-labelled M-MLV P3O antigen (C---C) was used as a marker. 
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of I'16 g/ml (Fig. ~ c) which is the density of SRV-D grown in chick cells (Fig. I a) and M-MLV grown in mouse clone I cells (Fig. I b) . Similar results were also obtained with C3HSR cells labelled with 3H-uridine. It should be noted that the virus band obtained from C3HSR cells (Fig. I c) is wider than that obtained with SRV-D (Fig. I a) or M-MLV (Fig. I b) suggesting that the C3HSR virus population is not homogeneous. In addition, 3H-uridine-labelled particles from C3HSR cells with a density of Iq6 g/ml were found to contain 7oS RNA similar to that of SRV-D (not shown). The particles released by C3HSR cells were further tested for the presence of the reverse transcriptase and the ability of the enzyme to synthesize DNA strands on 7oS RNA (simultaneous detection test). Some of the radioactively labelled DNA molecules, synthesized in vitro by the reverse transcriptase present in the particles, also had a sedimentation coefficient of 7oS (Fig. 2) . In the presence of RNase, this complex was not detected (not shown). These results indicated that the C3HSR cells produced particles resembling retroviruses with a density of I-I6 g/ml, a 7oS RNA genome, and the specific reverse transcriptase enzyme which synthesizes DNA on the RNA template.
The glycoproteins of the virus(es) produced by C3HSR cells
Since the glycoproteins of the avian and the murine C-type particles differ in their tool. wt.
[84000 for avian (gp84) and 700o0 for the murine viruses (gp7o)], the glycoproteins of the virus particles produced by C3HSR cells were compared with the glycoproteins of SRV-D grown in CEF and M-MLV grown in clone I cells. The 3H-glucosamine labelled virus particles, purified in sucrose gradients (Fig. I a, b, c) were collected and further analysed by polyacrylamide gel electrophoresis. The profiles obtained with SRV-D gp84 (Fig. I aa) and M-MLV gP7o (Fig. I ba) are similar to those described before (Bolognesi et al. I974)-The virus obtained from C3HSR cells showed both gp84 and gp7o (Fig. i ca) and an additional peak with a tool. wt. of 42 ooo. The nature of the latter glycoprotein is not yet clear. However, it may include the 38000 glycoprotein described in ASV and the 45 ooo glycoprotein described in murine C-type particles (Bolognesi et al. I974) . The ratio between gp84 of SRV-D and gp7o of M-MLV is almost equal. The ratio of the high mol. wt. glycoproteins (gp84, gp7o) to the gp42 is surprising and differs from the ratios obtained with SRV-D gp84 and gp38 and M-MLV gp7o and gP45.
We do not yet know whether C3HSR cells produce viruses coated simultaneously by glycoproteins of both avian and murine origin or whether two different virus populations coated with different glycoproteins are produced by this cell line. * Secondary CEF were infected for 2 h with 0"5 ml of SRV-D which had been exposed to u.v. light for 15 rain at a distance of 20 cm from a Germicidal 15 W u.v. lamp (General Electric). Titre before inactivation was Ios f.f.u./ml. The u.v.-irradiated virus was removed and the cultures were re-infected with SRV-D, C3HSR (grown in CEF) or B77 (subgroup C) virus in the usual way and overlaid with agar. Foci were counted 5 to 6 days later. 
The biological activity of the virus(es) released by the C3HSR cells
Medium from C3HSR cell cultures was clarified and 0"5 ml was used to infect CEF or C3H/f mouse embryonic cultures. After I o to 13 days of incubation at 37 °C, foci of transformed cells ranging from z to I5 f.f.u./ml appeared in iz CEF cultures. To demonstrate that the virus released by the C3HSR cells can propagate in permissive cells, clarified medium from the transformed CEF cultures was used to further infect CEF secondary cultures. At first passage z × Io z f.f.u./ml were obtained within Io days and at second passage 4 × IO4 f.f.u./ml were obtained within 7 days. Thus the titre of the virus increased with passage, indicating that the C3HSR cells produce transforming virus.
The ASV released by C3HSR cells was further characterized by the interference test (Table 2) . Secondary chick cultures were mock infected or infected for 2 h with 0"5 ml of u.v.-inactivated SRV-D (from the same stock originally used to infect the C3H/f mice). The virus was then removed and the cultures were re-infected with SRV-D, C3HSR virus or B77 virus in the usual way. Interference was obtained to about the same extent with the original SRV-D and the virus released from the C3HSR cells. No interference occurred with B77 virus from subgroup C. This shows that the released virus envelope protein is similar to that of the original virus used to induce the tumours.
Several morphological foci appeared 14 days after inoculation of C3H/f mouse cell cultures with C3HSR virus, but these foci disappeared after passage of the cells. It is possible that these are abortively transformed cells as was the case with rat cells infected with the B77 strain of RSV (Kotler, 1971 ; Varmus et al. I973; Boettiger, I974a, b) . To determine whether the C3HSR cells produce non-transforming MLV-like particles, we used the reverse XC syncytial test. This test has been shown to detect murine leukaemia virus-producing cells (Klement et al. 1969; Niwa et al. 1973) . Table 3 shows that lO.6 % of the C3HSR cells produced murine leukaemia virus (MLV)-like particles as revealed by the formation of syncytia in XC cells. Assuming that IOO % of the C3H/f cells chronically infected with MSV(H-MLV) produced virus, the efficiency of our test was only 69"6 %. The uninfected C3H/f cells used as a control produced about 1.2 % syncytia on XC cells which is the background of the test. The MLV-like particles produced by the C3HSR cells were found to be infectious for C3H/f embryonic cells in tissue culture since 52-8 % of the cells produced MLV-like particles. Attempts to characterize the host range of the MLV-like particles by the reverse XC test produced negative results using NIH-Swiss, BALB/c or C57/B1 mouse cells. A similar phenomenon was reported by Rapp & Nowinski (I976) who showed that viruses produced by a non-transformed C3H cell line were not detectable by the XC plaque test. Uninfected chick cells, or chick cells infected with SRV-D, or with virus released by C3HSR cells did not produce a significant level of syncytia on XC cells. It should, however, be noted that in preliminary tests, NIH-Swiss mouse cells infected with MLV-like particles gave positive immunofluorescence against M-MLV p3o antiserum after two further passages of the infected cells in culture.
DISCUSSION
The relationship between ASV and mammalian retroviruses gives rise to a number of questions. Can recombinants be formed between these two groups of viruses and is it possible that phenotypic mixing takes place between ASV and mammalian viruses ? To answer these questions we looked for a cell culture system in which ASV and MLV can be produced simultaneously. The present paper describes such a system.
Inoculation of SRV-D-transformed chick cells into C3H/f newborn mice produces tumours that ale transplantable in mice. Transplantation of tumour cells into the wing web of chickens also produces tumours that are presumably induced by SRV-D particles released from the tumour cells. A cell line (C3HSR) was established in tissue culture from one of these tumours that had been passaged 18 times in mice. Karyotype analysis revealed that C3HSR cells were of mouse origin.
Complement fixation studies were performed with antisera against M-MLV p3o antigen, FeLV and SRV-D viruses. Examination of three different subclones of C3HSR cells by immunofluorescence showed that both avian and mammalian retrovirus antigens are produced by the same cell. Virus isolates from C3HSR cultures propagate and produce foci on chick cells. These virus particles are also infectious in C3H/f and NIH-Swiss mouse cells (as revealed by the reverse XC and immunofluorescence tests, respectively) indicating an endogenous virus that is most probably N-tropic. The virus which is infectious for CEF increases in titre with subsequent passage in chick cells. The progeny have envelope properties similar to the SRV-D that originally produced the tumours, as revealed by the interference test.
A similar system previously described is that of B77 virus-infected rat cells in tissue culture that do not produce virus particles (Altaner & Temin, 197o; Kotler, 1971) . However, the same virus induced tumours in vivo that were found to produce virus (Altaner & Svec, 1966; Svec et al. 1974) . Weiss & Wong (1977) The titre of the virus produced by C3HSR cells, as measured by the focus formation test or XC test, was very low. These results do not correlate with the amount of virus labelled by SH-glucosamine (Fig. I c) , indicating that the number of particles produced by the C3HSR cell line is much higher than indicated by infectivity tests. It is possible that C3HSR virus contains a mosaic of glycoproteins of both avian and mammalian viruses that may interfere with infection of both CEF and C3H/f cells. However, at present it is impossible to exclude other possibilities, namely that C3HSR produces two different virus populations and perhaps also viruses that could not be detected by the infectivity tests used. Immunoprecipitation with specific antibody against glycoprotein of SRV-D and M-MLV is presently being done to answer this question.
The glycoprotein profiles of the C3HSR virus(es) (Fig. i) revealed two peaks that coelectrophorese with gp84 of the avian and gp7o of the mammalian viruses. These two peaks appear in about equal amounts. Of special interest is the appearance of glycoprotein in the 42000 region. The nature of this glycoprotein and its relatively high concentration is difficult to explain. This may be a structural glycoprotein that is included in large amounts during the assembly of the C3HSR virus together with the gp7o and gp84. However, it is also possible that this small glycoprotein is a cleavage product of one or both of the high mol. wt. glycoproteins.
A tempting explanation for the results observed with the analysis of the glycoproteins is that a recombinant virus has been produced. This recombinant would have a different glycoprotein pattern and would have the biological property of being able to infect both mammalian and avian cells.
